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Abstract 
One of the most difficult problems in construction is to take objective decision, especially for selection of technology and material 
solutions. Decision making process is very complicated and time consuming (due to the complex nature of construction projects). 
Many experts, with extensive knowledge of Construction Industry, take subjective decisions, related to verbal methods of decision 
making. Difficulties are related mostly to the creation of relevant criteria set, answering the decision maker questions. Set of proper 
criteria and mathematical tools could significantly improve objective decision making. Assessment of different types 
of investments and their complexity is particularly difficult and the most common issue in engineering practices. Authors present 
case study – selection of the best materials variant for building structural walls – detailed calculations of AHP method. 
Mathematical and thus objective methods that support the decision-making process in construction are undoubtedly helpful in 
everyday work of a construction manager. The AHP method allows for selection of an optimum solution among the defined 
alternatives (evaluation problem) or identification of the preferred alternative among the potentially infinite, suggested set of 
alternatives, defined from the perspective of the set of restrictions (design problem). The support of decision-making processes 
provides many advantages which are described in the paper. 
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1. Introduction 
The problem of choosing the optimum solution is encountered on numerous occasions in engineering practice. 
Assessment of construction projects is particularly difficult due to their complexity. The difficulty of this issue lies, 
among others, in the proper specification of the building characteristics, assessed both in the quantitative 
and qualitative aspect.  
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Multicriteria assessment methods improve decision making process and help to avoid certain errors which distort 
its quality and reliability. Multicriteria decision models are the most versatile multicriteria assessment tools and can 
be recommended as the ultimate solution for evaluation of relatively difficult problems [2, 3, 4]. In relation to the 
analyzed decision-making variants the choosing right point of view is crucial. For example, the assessment of 
structural, technological or organizational solutions for the construction project will be determined by the preferences 
of its participants. Clients, developers, contractors and designers will have different priorities [1]. In this study, 
multicriteria evaluation is done from client’s point of view. Assessment of solutions for implementation of structural 
walls aims at achieving the greatest profit in the shortest time possible, while maintaining the highest possible standard 
of work performed. Analysis of each variant was performed with the use of AHP method. In the process of evaluation, 
researchers adopted both criteria difficult to measure (which cannot be directly quantified) and measurable criteria 
(which can be expressed by numerical values). Features difficult to measure are subject to quantification, which allows 
for their comparison and evaluation [5, 6, 7, 9]. Measurable criteria (cost, time, thermal insulation, acoustic insulation, 
fire resistance) will be assessed in proportion to the obtained results, while criteria difficult to measure (execution 
simplicity, comfort of use) on the basis of information obtained from the selected construction company. Data for 
measurable criteria have been obtained from widely accessible technical papers issued by manufacturers of the 
compared materials. 
2. Assumptions of the Research 
2.1. Description of the problem and criteria selection 
Following wall types/ variants were assessed: 
x A – blocks made of aerated concrete, manufactured by Solbet company, 24 cm on adhesive mortar 
x B – blocks made of aerated concrete, manufactured by Solbet company, 24 cm with use of traditional 
cement-lime mortar M10 class 
x C – silicate blocks, Silka M24 on adhesive mortar 
x D – silicate blocks, Silka M24 with use of cement-lime mortar M10 class 
x E – blocks made of aerated concrete, Ytong with the thin layer of adhesive mortar BaumitPlanofix M10 
x F – Porotherm blocks, manufactured by Wienerberger, with use of traditional mortar M10 class 
x G – 25 cm ceramic brick wall with use of cement-lime mortar M10 class 
x H – blocks of ceramic granules Murotherm, manufactured by Pozbruk, with the thin layer of adhesive 
mortar BaumitPlanofix M10 
Table 1 presents summary information about chosen variant of construction walls. Table 1 is an input matrix 
of solutions for multicriteria evaluation method. The values for the measurable criteria were obtained basing 
on the data from estimates. The fulfilment degree of the "acoustic insulation" of the walls criterion was quantified 
according to the adopted 5-point scale (on a base of the expert opinion), where: 
x less than 40 dB – 1 point, 
x 40 to 44 dB – 2 points, 
x 45 to 49 dB – 3 points, 
x 50 to 54 dB – 4 points, 
x 55 dB and more - 5 points. 
For the "fire resistance" of the walls criterion (on a base of the expert opinion), following numerical intervals were 
assumed: 
x REI 30 and below – 1 point, 
x over REI 30 to REI 60 inclusive – 2 points, 
x over REI 60 to REI 90 inclusive – 3 points, 
x over REI 90 to REI 120 inclusive – 4 points, 
x over REI 120 - 5 points. 
Criteria difficult to measure were also assessed according to the 5-point scale, where 1 is the worst value and 5 
is the best value. 
Table 2 presents chosen weights of the criteria. Weights were chosen in normalized way (sum of weights equal 1). 
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Table 1. Summary information about chosen variant of construction walls. 
  CRITERIA 
Id. VARIANT Cost (PLN) 
Time 
(wh) 
Thermal 
insulation  
(U) 
Acoustic 
insulation 
Rw (dB) 
Fire 
resistance  
(min) 
Execution 
simplicity 
Comfort 
of use 
1 A 692.2 11.0 0.53 2 5 5 3 
2 B 677.3 12.0 0.53 2 5 3 3 
3 C 1049.0 12.4 1.65 5 5 3 4 
4 D 1040.3 13.5 1.65 5 5 2 4 
5 E 1172.7 7.5 0.53 3 5 4 3 
6 F 1058.5 12.4 1.03 4 4 3 5 
7 G 1674.5 24.3 3.03 4 5 1 4 
8 H 665.8 11.8 0.88 3 3 4 3 
Table 2. Vector of main criteria weights [Q] 
CRITERIA WEIGHT 
Cost 0.30 
Time 0.20 
Thermal insulation 0.15 
Acoustic insulation 0.15 
Fire resistance 0.05 
Execution simplicity 0.05 
Comfort of use 0.10 
2.2. AHP Method 
Analytic Hierarchy Process method (AHP) was developed by Thomas Saaty [6, 7, 8] in 1980’s. The method enables 
prioritization of variants (eg building structures, construction, technological or organizational solutions) with regard 
to their subjectively assessed suitability. The method allows for simultaneous use of measurable criteria and criteria 
difficult to measure. Contrary to other multi-criteria decision methods, the weights of evaluated criteria are not being 
determined directly. AHP procedure comprises the following steps: 
x Defining the decision problem and developing a hierarchical structure. 
x Identifying the decision maker's preferences and degrees of mutual dominance for compared objects 
(alternatives, criteria).  
x Prioritizing alternatives according to assumed decision maker's preferences. 
During paired comparison of construction walls variants (determination of key factors dominance) authors assumed 
grading scale suggested by Trzaskalik [8], based on Saaty solution (tables 3 and 4). Hence grades entered in the matrix 
belong to the set: {1/9; 1/8; 1/7; 1/7; 1/5; ¼; 1/3; ½; 1; 2; 3; 4; 5; 6; 7; 8; 9}. 
Table 3. Grade scale – pair-wise comparison (developed internally on the basis of [8]). 
Grade Verbal judgments of preferences 
1 Equally preferred 
3 Moderately preferred (variant 1 better then variant 2) 
5 Strongly preferred (variant 1 better then variant 2) 
7 Very strongly preferred (variant 1 better then variant 2) 
9 Extremely preferred (variant 1 better then variant 2) 
2,4,6,8 In-between assessments (variant 1 better then variant 2) 
Reciprocal grades Equivalent preference but variant 2 better then variant 1 
Table 4. Average random consistency (RI) (developed internally on the basis of [8]). 
Size of matrix 1 2 3 4 5 6 7 8 9 10 
RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 
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3. Calculations example 
In this case study eight variants of construction walls (A, B, C, D, E, F, G, H) are being assessed on the base of six 
criteria. The following tables: 5 – Comparison Matrix for variants; 6 – Synthesized Matrix for variants; 7 – Weighted 
Sum Matrix for variants for criterion “costs”, and formulas: 1-8 show calculations for first criteria – cost. There is a 
need to prepare similar calculations separately for all selected criteria. So the first step of the procedure is to develop 
a set of comparison matrices. The pair-wise comparison should be made by qualified experts. Then, synthesized matrix 
is created. It is done by division of relevant fields of comparison matrix by sum of values in proper column. Formulas 
used for calculations are taken from Saaty’s method [8]. Examples of calculations are distinguished (bolded) in the 
tables 5-7. 
Table 5. Comparison Matrix [A]. 
COST A B C D E F G H 
A 1   ½ 5     5     7     5     9      1/2 
B 2  1     5     5     7     5     9      1/2 
C  1/5  1/5 1      1/2 3     2     8      1/5 
D  1/5  1/5 2     1     3     2     8      1/5 
E  1/7  1/7  1/3  1/3 1      1/3 7      1/7 
F  1/5  1/5  1/2  1/2 3     1     8      1/5 
G  1/9  1/9  1/8  1/8  1/7  1/8 1      1/9 
H 2     2     5     5     7     5     9     1     
Total 5.9 4.4 19.0 17.5 31.1 20.5 59.0 2.9 
Table 6. Synthesized Matrix [B]. 
COST A B C D E F G H Priority  Vector 
A 0.1708 0.1148 0.2637 0.2864 0.2248 0.2444 0.1525 0.1752 0.2041 
B 0.3416 0.2297 0.2637 0.2864 0.2248 0.2444 0.1525 0.1752 0.2398 
C 0.0342 0.0459 0.0527 0.0286 0.0963 0.0978 0.1356 0.0701 0.0702 
D 0.0342 0.0459 0.1055 0.0573 0.0963 0.0978 0.1356 0.0701 0.0803 
E 0.0244 0.0328 0.0176 0.0191 0.0321 0.0163 0.1186 0.0501 0.0389 
F 0.0342 0.0459 0.0264 0.0286 0.0963 0.0489 0.1356 0.0701 0.0607 
G 0.0190 0.0255 0.0066 0.0072 0.0046 0.0061 0.0169 0.0389 0.0156 
H 0.3416 0.4594 0.2637 0.2864 0.2248 0.2444 0.1525 0.3504 0.2904 
         =1.000 
Table 7. Weighted Sum Matrix for costs [D]. 
Cost A B C D E F G H SUM. S Ȝ 
A 0.2041 0.1199 0.3508 0.4016 0.2721 0.3037 0.1404 0.1452 1.9379 9.50 
B 0.4082 0.2398 0.3508 0.4016 0.2721 0.3037 0.1404 0.1452 2.2619 9.43 
C 0.0408 0.0480 0.0702 0.0402 0.1166 0.1215 0.1248 0.0581 0.6201 8.84 
D 0.0408 0.0480 0.1403 0.0803 0.1166 0.1215 0.1248 0.0581 0.7305 9.09 
E 0.0292 0.0343 0.0234 0.0268 0.0389 0.0202 0.1092 0.0415 0.3234 8.32 
F 0.0408 0.0480 0.0351 0.0402 0.1166 0.0607 0.1248 0.0581 0.5243 8.63 
G 0.0227 0.0266 0.0088 0.0100 0.0056 0.0076 0.0156 0.0323 0.1291 8.28 
H 0.4082 0.4796 0.3508 0.4016 0.2721 0.3037 0.1404 0.2904 2.6469 9.11 
         Ȝmax   = 8.90 
 
Examples of calculation are presented in formulas 1 - 8. 
1708.0
9.5
1
11   E   (1) 
2041.0
8
0.17520.15250.24440.22480.28640.26370.11480.1708
1  
 b  (2) 
2041.00.2041*111   D   (3) 
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1.93790.14520.14040.30372721.00.40160.35080.11992041.01    S  (4) 
5.92041.0/9379.11   O   (5) 
Maximum eigenvalue for criteria – cost is the average of calculated values (formula 6). Consistency index CI 
is calculated on the base of formula 7, where n is a number of contractors. For n = 8, random consistency RI = 1.41, 
that is why consistency ratio CR is derived from the formula 8 (requested condition was fulfilled – comparison 
consistent). 
90.8
8
11.928.863.832.809.984.843.95.9
max  
 O  (6) 
  091.01841.1
890.8  

 CI   (7) 
 fulfilledconditionCR 1.0064539.0
41.1
091.0                    (8) 
After calculations for all criteria it is necessary to follow same calculations for a set of all criteria. Expert task is to 
pair-wise compare all the criteria to create Comparison Matrix for Criteria; Synthesized Matrix for criteria; Weighted 
Sum Matrix for Criteria for all variants. Tables 8, 9 and 10 present results for all criteria and variants calculations, 
showing the final classification of variants. 
Table 8. Vector of Priorities [C]. 
Cost Time Thermal insulation  
Acoustic 
insulation 
Fire 
resistance  
Execution 
simplicity 
Comfort 
of use 
0.2041 0.1696 0.2337 0.0195 0.1572 0.3653 0.0538 
0.2398 0.1036 0.2337 0.0195 0.1572 0.0794 0.0538 
0.0702 0.0744 0.0390 0.2609 0.1572 0.0794 0.1494 
0.0803 0.0448 0.0390 0.2609 0.1572 0.0377 0.1494 
0.0389 0.4097 0.2337 0.0572 0.1572 0.1548 0.0538 
0.0607 0.0744 0.0851 0.1696 0.0358 0.0794 0.3369 
0.0156 0.0155 0.0159 0.1696 0.1572 0.0212 0.1494 
0.2904 0.1082 0.1197 0.0429 0.0209 0.1829 0.0538 
Table 9. Column Vector of Criteria Weight Assessment [b]. 
Vector of Grades 
0.4182 
0.2311 
0.1174 
0.1174 
0.0285 
0.0285 
0.0591 
Table 10. Final Ranking of Variants. 
VARIANT RESULT RANKING 
A - AERATED CONCRETE K 0.172 2 
B - AERATED CONCRETE Z 0.164 3 
C - SILKA K 0.097 5 
D - SILKA Z 0.094 7 
E – YTONG 0.157 4 
F – POROTHERM 0.096 6 
G – BRICK 0.046 8 
H - MUROTHERM 0.175 1 
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Fig 1. Visualization of results for AHP method. 
4. Conclusions 
Mathematical and thus objective methods that support the decision-making process in construction are undoubtedly 
helpful in everyday work of a construction manager. The AHP method allows for selection of an optimum solution 
among the defined alternatives (evaluation problem) or identification of the preferred alternative among the potentially 
infinite. Suggested set of alternatives defined from the perspective of the set of restrictions (design problem). The 
support of decision-making processes provides many advantages: 
x eliminates the risk of the decision being influenced by bias and manipulation, 
x provides the possibility of joint analysis of measurable and non-measurable criteria and of obtaining 
an aggregated assessment of variants, 
x allowing us to look at the decision-making process from a different perspective. by ordering the criteria 
and variants within the framework of the established hierarchy, 
x reduces the multicriteria problem to a number of simple comparisons in pairs of individual criteria 
and variants within the framework of the hierarchy established, 
x allows for analysis of sensitivity (impact of changes of individual unit assessments upon the final decision). 
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